Background. During 2000-03, Qualidigm, a US Quality Improvement Organization, conducted a project to improve the care received by elderly Medicare patients with coronary artery disease or cardiovascular risk factors.
The quality of outpatient healthcare provided to adults in the United States is variable and not consistent with recommended standards [1] [2] [3] [4] . This is true for chronic, acute, and preventive care, women and men, elderly and non-elderly patients, and managed care and fee-for-service delivery systems. Because self-employed physicians in solo or small group practice arrangements deliver a majority of adult primary care [5] , it is important that the care of these providers be assessed and improved.
Quality Improvement Organizations are contracted by the Centers for Medicare & Medicaid Services to engage local health care providers in collaborations to improve the quality of care provided to Medicare beneficiaries in all settings [6] .
Thus, care delivered in the outpatient primary care setting is a target for such quality improvement initiatives. However, primary care physicians are under no contractual obligation to participate in Medicare-sponsored quality improvement projects, and Quality Improvement Organizations are challenged to engage these physicians. This is particularly true in solo or small group practices [7] . This article summarizes the results of an outpatient quality improvement project conducted in 2000-03 by Qualidigm, the Connecticut Quality Improvement Organization, and 85 primary care physicians in private practice. The article also presents practical insights that we gleaned in conducting the project and implications for future quality improvement in this setting.
Methods

Study design
We conducted a pre-post assessment of quality of preventive cardiovascular care provided to elderly Medicare beneficiaries by specific primary care physicians. We targeted physicians and their office staffs with a multi-faceted set of interventions to improve the care of patients with diagnosed coronary artery disease or with one or more cardiovascular risk factors. However, the physicians and their staffs determined which quality improvement (QI) interventions they would utilize, and to what degree. We abstracted process of care performance and intermediate outcomes from the medical records of independent samples of patients from each physician's practice during one-year baseline and follow-up periods.
Primary care physicians and patients
We identified 974 primary care physicians from Medicare Part B claims of general internists, family practitioners, and geriatricians who had provided care for at least 50 fee-for-service Medicare patients in 1999. Next, we mailed invitation letters and placed follow-up telephone calls to the physicians; 103 (10.6%) agreed to participate. For these, we identified approximately 40 patients each. All patients were ≥65 years old and had existing coronary artery disease or one or more of the following risk factors: hypertension, diabetes, or dyslipidemia. We selected independent stratified random samples of patients from Medicare Part B claims submitted by the physicians. To assure that the physicians had provided longitudinal care, we selected claims from the calendar year (1999) before the baseline observation period .00-414.9). When medical records of selected patients were unavailable, Qualidigm staff identified additional patients from claims data or the physician office staffs identified convenience samples of patients with the target conditions.
Medical record abstraction
Qualidigm personnel provided lists of patients identified from claims data to each physician's office to confirm that the patients were appropriately assigned to physicians. Patients who died, moved away, or changed primary care physicians during an observation year were replaced by other patients identified from claims data and confirmed by office personnel. Physician office personnel pulled medical records for on-site abstraction. Trained medical record abstractors from Qualidigm collected the data using a standardized instrument. We tested reliability of data abstraction by randomly selecting a subset of cases (n = 272 during the baseline and n = 233 during the follow-up observation periods) for independent data collection by a second abstractor. We calculated reliability rates and kappa statistics [9] for key variables and composite kappa statistics [10] for all performance measures. We converted continuous variables to categorical variables for these calculations. All variable-specific reliability rates were high (>90%), and kappa statistics indicated good to excellent inter-abstractor reliability (0.60-1.00). Composite kappa statistics also indicated good to excellent reliability, with two exceptions during the follow-up period. Reliability for the HgbA1C < 7.0 mg/dl and Smoking Cessation Counseling performance measures were in the fair range (0.40-0.60) during this time frame.
We abstracted demographic characteristics, chronic illnesses, tobacco use, physical examination findings, laboratory values, processes of care, and number of visits from each observation period. Demographic characteristics included age, gender, and race. Chronic illnesses included hypertension, dyslipidemia, diabetes mellitus, coronary artery disease, cerebrovascular disease, and peripheral vascular disease. We assessed current tobacco use and clinician counseling to quit. We captured blood pressure values from the most recent office visit during each observation period. Laboratory values included the most recent values for hemoglobin A1C and low-density lipoprotein (LDL) cholesterol. We recorded all medications in use at the last visit of each observation period as well as any documented allergies, side effects, contraindications, or patient refusals relating to antithrombotic or anticoagulant therapies.
Interventions
We provided a multi-faceted set of quality improvement interventions to all participating physicians at introductory group dinner meetings (83.5%) or via the mail (16.5%). We provided the physicians the choice of four dates to attend a two-hour dinner meeting held at local restaurants. At the meetings, we provided an overview of the project and the intervention materials and distributed packets of the intervention materials. The packets included personal digital assistants (PDAs) and a variety of paper tools, including (i) patient education materials developed by the American Cancer Society, the American Diabetes Association, the American Heart Association, and the American Lung Association, (ii) patient reminders for recommended services, (iii) clinician education materials, (iv) clinician reminders for recommended services, e.g. chart stickers, (v) clinician documentation materials, e.g. flow sheets, (vi) patient documentation materials, and (vii) lists of community resources. We provided no specific training on how to utilize the paper tools as they were all familiar to the physicians. Subsequently, we invited the physicians to attend a two-hour evening training session on medical software for the PDAs. The content of the software programs covered medication prescribing and local Managed Care Organization formularies, recommended antibiotic treatment regimens, ICD-9-CM coding, a medical text reference, and a patient registry. We also mailed confidential physician performance reports for the baseline period to all participating physicians in October 2001, and we invited the physicians to attend another two-hour dinner meeting to discuss aggregate results. Finally, we mailed a follow-up performance report to the physicians at the completion of the project. We tracked provision of improvement interventions in an electronic database throughout the project.
Analysis
We obtained the following physician characteristics from the 2000 Folio's Directory of Connecticut Physicians, 1999 Part B Medicare claims data, and 2000 census data: United States versus foreign medical school training, years since medical school graduation, family practice versus internal medicine specialty, solo versus group practice, number of Medicare patients, demographic characteristics of the physicians' patients (age, race, gender), and community-level characteristics of patients (median family income, education level). We assessed and compared the characteristics of participating and nonparticipating physicians with descriptive statistics using chi-square tests for binary variables, t-tests for normally distributed continuous variables, and non-parametric tests for variables that were not normally distributed. Next, we constructed a multivariable logistic regression model to examine factors associated with participation in the project.
We assessed quality improvement interventions, patient demographic and clinical characteristics, and processes and outcomes of care with descriptive statistics, excluding patients with missing values from calculations for the relevant variables. We used clinical data abstracted from the medical records to confirm the claims-based diagnoses before processes of care were assessed. Confirmation criteria for diabetes and hypertension included documentation of (i) a clinician's diagnosis in a problem list or progress note, and, (ii) a diagnostic laboratory value (fasting blood sugar >126 mg/dl or non-fasting >200 mg/dl) [11] , physical finding (systolic blood pressure ≥140 mm of Hg or diastolic blood pressure ≥90 mm of Hg) [12] , or medication used to treat the condition. Confirmation criteria for coronary artery disease included documentation of a clinician's diagnosis in a problem list or progress note. We assessed systolic and diastolic blood pressure, hemoglobin A1C, and LDL cholesterol levels categorically and as means with 95% confidence intervals (95% CIs). We assessed use of antithrombotic or anticoagulant therapy in patients who did not refuse or have contra-indications to the therapy and who were at moderate or high risk according to the American Heart Association's guidelines for primary and secondary prevention of coronary artery disease [13, 14] and secondary prevention of stroke [15] . We considered the following as contra-indications to antithrombotic or anticoagulant therapy: asthma, peptic ulcer disease, chronic liver disease, chronic renal disease, or creatinine >3 mg/dl, positive fecal occult blood test, platelet count <100 × 10 9 /L, anemia, or (hemoglobin <10 g/dl or hematocrit <30%) any clinician notation that the patient had increased risk of bleeding, age >80 years, dementia, allergy, or previous adverse reaction, terminal illness, or patient refusal. Subgroup analyses were conducted for blood pressure control and LDL cholesterol levels among patients with hypertension or hyperlipidemia and indications for tighter control versus patients without such indications.
We constructed hierarchical random effects logistic regression models to assess relationships between patient characteristics, physician volume of patients with target conditions, between-physician variance and changes in dichotomous outcomes over time. Similarly, we constructed hierarchical random effects linear regression models to adjust for the same factors when assessing changes in continuous performance measures over time. We assessed unadjusted associations between each independent variable and change in performance measure first. Then, we created the multi-variable models. We determined odds ratios (logistic regression models) or reduction ratios (linear regression models) and 95% CIs for changes in performance measures over time. We included the following patient characteristics in the models: age, gender, race, number of physician visits, and number of risk factors. For each multivariable model, we evaluated assumptions with partial residual plots [16] , fit with the chi-square goodness-of-fit statistic [17] , and model discrimination with the receiver-operating characteristic curve [18] .
Because denominators for individual physician performance measures were necessarily small, we calculated summary quality of care scores across all performance measures for each physician during each observation period. We constructed denominators for these scores by summing the number of each physician's patients that were eligible for each performance measure. We constructed numerators by summing the number of the physician's patients who received the targeted processes of care or achieved the targeted outcomes. We graphed distributions of baseline and follow-up quality scores and pre-post differences using the normal probability plots' method [19] . We performed all calculations using software for SAS, version 8.12 (SAS Institute, Inc., Cary, NC), STATA, version 4.0 (STATA Corp, College Station, Texas), and HLM, version 5.0 (Scientific Software International, Inc., Lincolnwood, IL).
Results
Primary care physicians
Participating and non-participating physicians were similar in all measured characteristics except one, i.e. physicians who graduated from medical school before 1980 were less likely to agree to participate in the project than physicians who graduated at a later date [odds ratio (OR) = 0.96, 95% CI = 0.94-0.99]. Of the 103 physicians who agreed to participate, 85 (82.5%) completed the project. Sixty-five (76.5%) of these were internists, and 20 (23.5%) were family practitioners. Sixty-eight (85.0%) were board certified. Fifty-four (63.5%) graduated from a US medical school, and 31 (36.5%) were non-US medical school graduates. Thirty-eight (44.7%) graduated before 1980. Thirty-five (41.2%) were solo practitioners; 25 (29.4%) had one partner; and 25 (29.4%) had ≥2 partners. There were no significant differences in physician-training characteristics, size of physician group, size of Medicare panel, physician demographic characteristics, or community-level income/educational level of patients between the 85 physicians who completed the study and the 18 who did not.
Use of quality improvement interventions
All 85 primary care physicians received a PDA as an incentive to participate in the project and as a quality improvement intervention (Table 1) . Thirteen (15.3%) physicians participated in a subsequent group training session on the five medical software programs for the PDA, and 31 reported using the PDA on a regular basis throughout the project. In addition, all 85 primary care physicians were mailed the confidential written report summarizing their performance during the baseline observation period and comparing it with aggregate performance and the range of individual physicians' performance. All of the physicians were invited to attend a group session to discuss the baseline findings; twenty (23.5%) attended the session. Seventy-one (83.5%) physicians received the entire package of additional QI interventions. Over the duration of the project, physicians and their staffs re-ordered patient education materials (34.1%), clinician education materials (18.8%), and clinician reminders (15.3%) most commonly. Fewer than 10% re-ordered patient reminders, patient documentation materials, or community resource lists.
Patients
There were 3322 patients who we identified as receiving care from the participating physicians for coronary artery disease or one or more of the targeted risk factors and whose charts we abstracted for the baseline period; there were 3788 patients for the follow-up period ( Table 2 ). The median number of patients whose care we assessed was 44 (range 11-55) per physician during the baseline period and 46 (range 19-53) during the follow-up period.
Patient demographic and clinical characteristics
In general, patients were elderly, had multiple vascular disease risk factors, and saw their primary care physicians frequently in both time periods. In aggregate, there were no statistically significant differences in age, race, or gender between the baseline and follow-up cohorts, although patients had slightly more risk factors (P < 0.001) and existing vascular disease in the baseline period (55.6 versus 49.0%, P < 0.001).
Processes and intermediate outcomes of care
Aggregate performance rates for most measures improved from baseline to follow-up (Table 3) . Overall performance ranged from 43.6% for blood pressure control <140/90 mm Hg to 86.8% for biennial lipid testing during the baseline period, and from 50.3% for blood pressure control <140/90 mm Hg to 89.5% for biennial lipid testing during the follow-up period. Patients with indications for more aggressive treatment, i.e. hypertension and diabetes or heart failure, or coronary artery disease and hyperlipidemia, had higher rates of control in both time frames: high-risk hypertension 45.9 to 52.9% and existing coronary artery disease 82.3 to 86.0%. In aggregate, five of eight performance measures demonstrated statistically significant improvement from baseline to followup. When examined as continuous measures, aggregate mean values decreased for systolic blood pressure (141 to 137 mm of Hg, P < 0.001), diastolic blood pressure (77 to 75 mm of Hg, P < 0.001), and LDL cholesterol levels (117 to 109 mg/dl, P < 0.001), but not hemoglobin A1C levels (7.3 to 7.2 mg/dl, P = 0.31). The same patterns of improvement were seen after adjustment for patient characteristics and physician volume. As expected, individual physician performance rates varied widely, in part because of the small denominators at the level of individual physicians.
Summary physician quality of care scores
Summary quality of care scores for individual physicians were normally distributed in both observation periods. Overall scores increased from baseline to follow-up (baseline : median 60.6%, range 38.5-81.6%, 25th-75th percentile 56.3-69.0%; follow-up: median 67.7%, range 48.5-82.3%, 25th-75th percentile 62.3-74.0%) (Figure 1a) . Changes in individual physician summary quality of care scores were also normally distributed and variable ( Figure  1b) . Baseline to follow-up changes ranged from −14 to +22% among all physicians (Figure 2a ). However, less overall improvement occurred in the physicians whose baseline performance was high (Figure 2b ). ..................................................................................................................................................................................................................................................................................................... ....
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Discussion
The project is an example of a voluntary quality improvement collaboration between a Medicare-sponsored Quality Improvement Organization and primary care physicians in private practice. The project demonstrated aggregate improvements in evidence-based processes of care and intermediate outcomes relating to patients with coronary artery disease and cardiovascular risk factors. Although the improvements were generally modest and did not occur in every practice, they were associated with simple interventions on the part of the Quality Improvement Organization, i.e. provision of performance data, PDAs, and paper-based tools to the physicians and their staffs. The project also highlighted important challenges to Quality Improvement Organizations and other external groups interested in improving quality of care in physician offices, i.e. the difficulty of recruiting self-employed physicians to participate, and the need for more effective intervention approaches.
We noted statistically and clinically significant improvements in aggregate blood pressure control, lipid testing and control, diabetes control, and smoking assessments. These improvements in care persisted after adjustment for differences among patients and physicians. Although the absolute changes in these process and outcome measures were modest, their expected impact on long-term clinical outcomes is important. Extrapolating from the Framingham Heart Study, improvements in these measures would be expected to translate to long-term decreases in coronary artery disease incidence and mortality among the target population [20] . In addition, mortality and adverse events from cerebrovascular and peripheral vascular disease would also be expected to decrease based on improvements in the targeted process and outcome measures [21, 22] . What practical insights did we take away from this project that can inform future outpatient QI projects? The first is that recruiting primary care physicians to quality improvement projects is difficult. Despite free PDAs, performance data reports, and a variety of practice-enhancing tools, only 10.5% of the state's primary care physicians were willing to participate in this project, and 17.5% of these subsequently dropped out. This finding is consistent with other work showing that strong incentives are necessary to engage physicians in quality improvement [23] and that physicians from small practices are least likely to participate [7] . At the national level, pay-forperformance [24] , public recognition [25, 26] , and revised recertification criteria requiring demonstrated QI activity [27] are increasingly utilized and promising incentive strategies but their full effectiveness is as yet unknown.
A second lesson relates to choice and implementation of quality improvement interventions. We provided the practices with a variety of interventions that have been shown to be at least modestly effective when used individually and more effective when used in combination [28] . Further, we allowed physicians and their staffs to choose from among these, i.e. to customize their strategies for improvement based on knowledge of their own practice. This seemed to be a reasonable approach to maximize acceptance and utilization of the interventions by the practices. However, we did not have the resources to do practice-by-practice needs and barrier assessments, or staff training on use of the intervention tools. Also, we did not systematically assess how the physicians and their staffs used the materials or what barriers they encountered. Although our data indicate that the interventions may have been under-utilized, we do not have a deep understanding of what actually occurred in the physician offices. The results of this project indicate that providing primary care physicians with a variety of 'easy to use' QI tools is not likely to lead to dramatic improvement. In a companion qualitative study done with a subset of these physicians, we learned that the physicians were largely unfamiliar with the science of quality improvement and the concept of systems-based thinking [29] . Thus, they may not have chosen the best interventions for their practices or known how to optimally implement them. Future quality improvement work with primary care providers should include practice-specific assessments of goals and barriers, training and support of practice personnel on implementation of interventions, and real-time collection of formative data to improve the intervention tools and implementation approaches.
Some limitations of our QI project should be mentioned. We had a relatively small number of self-selected physician participants, and there was some self-selection of patient records by the physicians. These issues undoubtedly introduced selection bias. However, the impact of these issues on the performance measures could have been positive or negative. A second issue is that our pre-post study design without a comparison group did not allow us to tease out the impact of secular trends. In addition, our data source, i.e. medical records, could have yielded incomplete or inaccurate data if documentation was imperfect. However, our data abstraction methods were rigorous and the reliability of our abstractors was high. A final limitation relates to the interventions, i.e. utilization of the materials provided to the practices by the Quality Improvement Organization appeared to be low, and no details relating to in-office use of the materials are known. Thus, the interventions were not as strong as they might have been had there been practice-specific needs and barrier assessments, and training and support on use of the tools.
Our study has demonstrated that a Medicare-sponsored Quality Improvement Organization can successfully collaborate with primary care physicians in private practice to improve the quality of preventive cardiovascular care. However, Quality Improvement Organizations and others interested in improving outpatient quality of care face significant challenges in recruiting self-employed primary care physicians to quality improvement projects and in bringing about dramatic change quickly. Future primary care quality improvement projects should include careful assessments of practice-specific barriers, interventions that are linked to these barriers, and support of the practices on implementation.
